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Field of the Invention 

The present invention relates generally to an apparatus for supporting a load or for 
20 supplying a constant force in either a vertical or horizontal or other orientation. 

Background of the Invention 
There are many applications in which lifts, counter-balances and force providing 
mechanisms may be useful. Mechanisms such as these can be used to raise and lower a variety 
of items, including the examples listed below: 



- video monitors of all sizes 

- furniture work surfaces 

- production assembly tools 

- work load transfer equipment 

- kitchen cabinets 

- vertically oriented exercise equipment 

- robot control devices 

- windows 

These mechanisms can also be used to provide forces in other orientations (e.g., 
horizontal). Examples of such applications include: 

- continuous constant force feeding systems for machine tools 

- horizontally oriented exercise equipment 

- drawer closing applications 

- door closing application 

One application for such a mechanism is the support of a display monitor for a personal 
computer. Personal computers and/or display monitors are often placed directly on a desk or on 
a computer case. However, to increase desk space, or to respond to the ergonomic needs of 
different operators, computer monitors are sometimes mounted on elevating structures. 
Alternatively, monitors are mounted to a surface such as a wall, instead of placing the monitor on 
a desk or a cart. 

However, personal computers and/or display monitors are often used by multiple 
operators at different times during a day. In some settings, one computer and/or monitor may be 
used by multiple people of different sizes and having different preferences in a single day. 



Given the differences in people's size and differences in their preferences, a monitor or display 
adjusted at one setting for one individual is highly likely to be inappropriate for another 
individual. For instance, a child would have different physical space needs than an adult using 
the same computer and monitor. 
5 In addition, operators are using computers for longer periods of time which increases the 

importance of comfort to the operator. An operator may choose to use the monitor as left by the 
previous user despite the discomfort, annoyance and inconvenience experienced by a user who 
uses settings optimized for another individual, which may even result in injury after prolonged 
use. 

10 Moreover, as monitors grow in size and weight, ease of adjustability is an important 

consideration. For monitors requiring frequent adjustment, adjustability for monitors has been 
provided using an arm coupled with gas springs, where the arm is hingedly coupled with the 
desk or a vertical surface. However, the gas springs are costly and wear out over time. In 
addition, the gas springs require a significant amount of space, for instance arm length, which 

1 5 can be at a premium in certain applications, such as in hospitals. 

Thus, there is a need for a monitor support mechanism which is compact, less costly to 
manufacture and maintain, has increased reliability, allows easy adjustability, is scalable to many 
different sized monitors, is adaptable to provide a long range of travel, and is adaptable to 
provide constant support force as the monitor is being positioned. 

20 Summary of the Invention 

The present invention relates generally to an apparatus for supporting a load or for 
supplying a constant force in either a vertical or a horizontal or other orientation. The attached 
drawings and detailed description depict selected exemplary embodiments and are not intended 
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to limit the scope of the invention. In order to describe the details of the invention, reference is 
made to a video monitor lift application as one example of the many applications in which the 
inventive device can be used. 

A stand in accordance with an exemplary embodiment of the present invention comprises 
5 a first component that is slidingly coupled to a second component. A spring mechanism may 
advantageously provide a balancing force between the second component and the first 
component. In some advantageous embodiments of the present invention, the magnitude of the 
balancing force is substantially equal to a first load. 

In some exemplary embodiments of the present invention, the spring mechanism 
1 0 comprises a constant force spring. In other exemplary embodiments of the present invention, the 
spring mechanism comprises a spring that provides a force that increases as a deflection of the 
spring increases. When this is the case, a mechanism for converting the ascending force of the 
spring to a substantially constant counter-balancing force may be provided. 

In one exemplary embodiment of the present invention, the spring mechanism comprises 
15 a first roller, a second roller, and a cam disposed between the first roller and the second roller. 
The first roller is urged against a first cam surface of the cam by a first spring and the second 
roller is urged against a second cam surface by a second spring. In some embodiments of the 
present invention, the rollers act upon the cam to produce a balancing force that is generally 
equal and opposite to a first load. When this is the case, the rollers and the cam tend to remain 
20 stationary relative to one another unless an outside force intervenes. 

One exemplary embodiment of the present invention includes a constant force spring 
that is disposed about a mandrel. The mandrel is rotatably supported by a shaft that is fixed to a 
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bracket. The bracket in turn, is coupled to one of the head or the base. A distal portion of the 
constant force spring is coupled to the other of the head or the base. 

It has been found that a machine in accordance with the present invention provides 
extremely smooth motion between a first component and a second component that slidingly 
5 engage one another. In some applications, one or more friction pads may be provided to provide 
a ''pause" at a particular position and to provide increased stability at a particular position. 

In some advantageous embodiments, one or more friction forces are provided for 
resisting relative movement between the first component and the second component. In some 
embodiments of the present invention, the magnitude of the one or more friction forces are 
i 0 selected so as to compensate for a predicted non-linearity in the behavior of one or more springs 
of the spring mechanism. In some embodiments of the present invention, the magnitude of the 
one or more friction forces are selected to be sufficiently large to prevent relative movement 
between a first component and a second component of a stand when a characteristic of one or 
more springs (e.g., a spring constant) varies over time. For example, the magnitude of the one or 
1 5 more friction forces may be selected so as to be sufficiently large to prevent relative movement 
between the first component and the second component when a material of one or more springs 
creeps over time. 

Description of the Drawings 

Figure 1 is a perspective view of a stand in accordance with an exemplary embodiment of 
20 the present invention. 

Figure 2 is an additional perspective view of stand shown in the previous figure. 
Figure 3 is an exploded view of stand shown in the previous figure. 
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Figure 4 is an exploded assembly view of a mounting block assembly in accordance with 
an exemplary embodiment of the present invention. 

Figure 5 is an exploded view of a first spring assembly including a first spring and a first 

axle. 

5 Figure 6 is a perspective view showing a spring mechanism in accordance with an 

exemplary embodiment of the present invention. 

Figure 7 is a plan view of a spring mechanism in accordance with an illustrative 
embodiment of the present invention. 

Figure 8 is a free body diagram of cam shown in the previous figure. 
1 0 Figure 9 is a somewhat diagrammatic front view showing a first spring assembly and a 

second spring assembly. 

Figure 10 is a somewhat diagrammatic front view showing a first spring assembly and a 
second spring assembly. 

Figure 1 1 is a somewhat diagrammatic plan view of a stand including cam shown in the 
15 previous figure. 

Figure 12 is a diagrammatic plan view of an assembly including a cam having a first cam 

surface. 

Figure 1 3 is a diagrammatic plan view of an assembly including a cam having a first cam 

surface. 

20 Figure 14 is an exploded view of an axle assembly in accordance with an exemplary 

embodiment of the present invention. 

Figure 1 5 is a perspective view of an assembly including axle assembly shown in the 
previous figure. 
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Figure 16 is a perspective view of an assembly in accordance with the present invention. 

Figure 1 7 is a perspective view of a stand in accordance with an additional exemplary 
embodiment of the present invention. 

Figure 18 is a front view of a stand in accordance with an additional exemplary 
5 embodiment of the present invention. 

Figure 19 is a top view of a stand in accordance with an additional exemplary 
embodiment of the present invention. 

Figure 20 is a front view of a stand in accordance with an additional exemplary 
embodiment of the present invention. 
1 0 Figure 2 1 is a front side view showing a stand in accordance with an exemplary 

embodiment of the present invention. 

Figure 22 is a perspective view of a stand in accordance with an additional exemplary 
embodiment of the present invention. 

Figure 23 is a top view of a stand in accordance with an additional exemplary 
1 5 embodiment of the present invention. 

Figure 24 is a perspective view of a stand in accordance with an additional exemplary 
embodiment of the present invention. 

Figure 25 is an enlarged perspective view showing a portion of the stand from the 
previous figure. 

20 Figure 26 is an additional perspective view of stand 8100 shown in the previous figure. 

Detailed Description 
The following detailed description should be read with reference to the drawings, in 
which like elements in different drawings are numbered identically. The drawings, which are not 
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necessarily to scale, depict selected embodiments and are not intended to limit the scope of the 
invention. Examples of constructions, materials, dimensions, and manufacturing processes are 
provided for selected elements. All other elements employ that which is known to those of skill 
in the field of the invention. Those skilled in the art will recognize that many of the examples 
5 provided have suitable alternatives that can be utilized. 

Figure 1 is a perspective view of a stand 100 in accordance with an exemplary 
embodiment of the present invention. Stand 100 of figure 1, comprises a head 102 that is 
slidingly couple to a base 104. A mounting bracket 106 is coupled to head 102 by a pivot 
mechanism 108 in the embodiment of figure 1. A device such as, for example, an electronic 

10 display may be fixed to mounting bracket 106 so that stand 100 supports the device at a desired 
position. In the embodiment of figure 1, pivot mechanism 108 advantageously provides a tilting 
motion to mounting bracket 1 06 so that mounting bracket 106 can be arranged at a desired angle 
of tilt. In a preferred embodiment, head 102 and base 104 are moveable relative to one another 
for selectively repositioning the device. For example, head 102 may be raised and lowered 

1 5 relative to base 1 04. In figure 1 , stand 1 00 is shown in a generally retracted state in which head 
102 is relatively close to base 104. 

Figure 2 is an additional perspective view of stand 100 shown in the previous figure. In 
the embodiment of figure 2, stand 100 is shown in a generally extended state in which head 102 
is located farther from base 104 (relative to the state shown in the previous figure). In the 

20 embodiment of figure 2, head 102 is slidingly coupled to base 104 by a first slide 120 and a 
second slide 122. In the embodiment of figure 2, head 102 is connected to a first inner rail 124 
of a first slide 120 and a second inner rail 126 of a second slide 122. In figure 2, base 104 is 
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shown connected to a first outer rail 128 of first slide 120 and a second outer rail 130 of second 
slide 122. 

With reference to figure 2, it may be appreciated that a spring mechanism 132 is coupled 
between head 102 and base 104. Spring mechanism 132 may advantageously provide a 
5 balancing force between head 102 and base 104. In the embodiment of figure 2, spring 

mechanism 132 comprises a cam 148 that is fixed to first inner rail 124 and second inner rail 
126. 

In the embodiment of figure 2, spring mechanism 132 also comprises a first spring 
assembly 134 including a first spring 136 and a first axle 138 that is coupled to a distal portion of 
10 first spring 136 A proximal portion of first spring 136 is fixed to base 104 using a mounting 
block 140. A first shoe 142 and a first roller 144 are disposed about first axle 138. First shoe 
142 and first roller 144 can be seen contacting a first cam surface 146 of cam 148 in figure 2. In 
some advantageous embodiments, first shoe 142 and first roller 144 are free to pivot about first 
axle 138. 

1 5 In the embodiment of figure 2 a plurality of cam fasteners 1 50 and a plurality of cam 

spacers 152 are provided for fixing cam 148 to first inner rail 124 of first slide 120 and second 
inner rail 126 of second slide 122. Also in the embodiment of figure 2, a pivot mechanism 108 is 
fixed to head 102 by a plurality of fasteners. 

Figure 3 is an exploded view of stand 100 shown in the previous figure. A plurality of 

20 cam fasteners 150 and a plurality of cam spacers 152 are visible in figure 3. Cam fasteners 150 
and cam spacers 152 may be used for fixing cam 148 to a first inner rail 124 of first slide 120 
and a second inner rail 126 of second slide 122. 
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A first spring assembly 134 and a second spring assembly 154 are also shown in figure 3. 
First spring assembly 134 and second spring assembly 154 include a first spring 136 and a 
second spring 1 56 respectively. In the embodiment of figure 1, first spring 136 and a second 
spring 156 may be selectively fixed to base 104 using a mounting block 140. 

A head 102 and a base 104 are also shown in figure 3. Head 102 and base 104 may be 
slidingly coupled to one another by a first slide 120 and a second slide 122. First slide 120 
comprises an first inner rail 124 and a first outer rail 128, Second slide 122 comprises an second 
inner rail 126 and a second outer rail 130. 

Figure 4 is an exploded assembly view of a mounting block assembly 158 in accordance 
with an exemplary embodiment of the present invention. A mounting block assembly 158 in 
accordance with the present invention may be used to selectively fix proximal portions of a first 
spring and a second spring. Mounting block assembly 158 includes a first wedge 160 and a first 
keeper 162. In the embodiment of figure 4, a first cavity 164 defined by a mounting block 140 is 
dimensioned to receive first wedge 160 and first keeper 162 while a proximal portion of a first 
spring is disposed therebetween. A clamping force may be advantageously applied to the first 
spring by first wedge 160 and first keeper 162. This clamping force can be increased by 
tightening a plurality of fasteners 166. Mounting block assembly 158 also includes a second 
wedge 168 and a second keeper 170. Second wedge 168 and second keeper 170 maybe used, 
for example, to retain a proximal portion of a second spring. 

Figure 5 is an exploded view of a first spring assembly 134 including a first spring 136 
and a first axle 138. First axle 138 may be coupled to first spring 136 by a bracket 174 and a 
spacer 175. Various methods may be used to fix bracket 174 to first spring 136 without 
deviating from the spirit and scope of the present invention. Examples of methods that may be 
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suitable in some applications include press fitting, friction fitting and/or adhesive bonding. First 
axle 138 is received by a pair of first rollers 144 and a shoe 176. In the embodiment of figure 5, 
shoe 1 76 comprises a collar and a sleeve. 

Figure 6 is a perspective view showing a spring mechanism 132 in accordance with an 
5 exemplary embodiment of the present invention. Spring mechanism 132 comprises a cam 148, a 
first spring assembly 1 34 and a second spring assembly 154, In the embodiment of figure 6 first 
spring assembly 134 comprises a first spring 136 having a proximal portion that is fixed to a base 
104 by a keeper 162 and a plurality of fasteners. 

A first shoe 142 and a pair of first rollers 144 can be seen contacting a first cam surface 
10 146 of cam 148 in figure 6. A second roller 180 and a second axle 184 of second spring 
assembly are also visible in figure 6. With reference to figure 6, it will be appreciated that a 
second roller 180 contacts a second cam surface 182 of cam 148. 

Figure 7 is a plan view of a spring mechanism 432 in accordance with an illustrative 
embodiment of the present invention. The spring mechanism of figure 7 includes a cam 448, a 
1 5 first roller 444 and a second roller 480. In the embodiment of figure 7, a first spring acts on a 
first axle 438 so as to urge a first roller 444 against a first cam surface 446 of cam 448. 

In figure 7, first roller 444 is shown contacting a first cam surface 446 of cam 448 at a 
first rolling contact point 488. An arrow illustrating a first roller force 490 is shown acting on 
first cam surface 446 at first rolling contact point 488 in figure 7. First roller 444 is preferably 
20 free to rotate about first axle 438. 

A second roller 480 is shown contacting a second cam surface 482 at a second rolling 
contact point 494. In the embodiment of figure 7, a second spring may act to urge second roller 
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480 and a second axle 484 toward second cam surface 482. In figure 7, a second roller force 496 
is shown acting on second cam surface 482 at second rolling contact point 494. 

In figure 7, a loading force 498 is also illustrated using an arrow. Loading force 498 is 
shown acting on cam 448 in figure 7. In some embodiments of the present invention, spring 
5 mechanism 432 may support loading force 498 including the weight of cam 448 and the weight 
of a load (e.g., an electronic display) coupled to cam 448. 

In some embodiments of the present invention, first cam surface 446 and second cam 
surface 482 first roller 444 are dimensioned so that a first roller force 490 acting at first rolling 
contact point 488 and a second roller force 496 acting at a second rolling contact point 494 
1 0 produce a balancing force 200 that is capable of supporting loading force 498. 

Figure 8 is a free body diagram of cam 448 shown in the previous figure. In the 
embodiment of figure 8, cam 448 may be considered to be stationary and at equilibrium. 
Various forces acting on cam 448 are illustrated in figure 8 using arrows. 

A first roller force 490 is shown acting on first cam surface 446 at first rolling contact 
1 5 point 488. In figure 8, the arrow representing first roller force 490 is disposed at an angle 202 
relative to a reference line 204. In figure 8, reference line 204 is substantially perpendicular to 
axis 206 of cam 448. 

In figure 8, it may be appreciated that first roller force 490 may be resolved into a 
plurality of component vectors. In figure 8, a first axial force component 208 is illustrated 
20 having a direction which is generally parallel to axis 206 of cam 448. A first lateral force 

component 220 is illustrated having a direction generally perpendicular to axis 206 of cam 448. 
A second roller force 496 is shown acting on second cam surface 482 at second rolling contact 
point 494. In the exemplary embodiment of figure 8, second roller force 496 has been resolved 
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into a second axial force component 222 and a second lateral force component 224. In some 
embodiments of the present invention, second lateral force is substantially equal to first lateral 

force. 

First axial force component 208 and second axial force component 222 combine to 
5 produce a balancing force 200. In some embodiments of the present invention, balancing force 
200 is substantially equal to a loading force 498 which is illustrated with an arrow in figure 8. 

Figure 9 is a somewhat diagrammatic front view showing a first spring assembly 434 and 
a second spring assembly 454. First spring assembly 434 of figure 9 includes a first spring 436 
having a proximal end fixed to a mounting block 440. A proximal end of a second spring 456 of 
10 second spring assembly 454 is also fixed to mounting block 440. A first axle 438 is coupled to 
first spring 436 proximate the distal end thereof Similarly, a second axle 484 is coupled to 
second spring 456 proximate the distal end thereof 

A first roller 444 is disposed about first axle 438 and a second roller 480 is disposed 
about second axle 484. In some useful embodiments, the first cam surface 446 of the cam 448 
1 5 has a continually changing slope and/or a continually changing radius of curvature so that the 
contact angle of the cam 448 changes as the rollers move along cam 448. In the embodiment of 
figure 9, first spring 436 has a first deflection when the rollers are disposed in a first position 228 
and a second deflection when the rollers are disposed in a second position 230. Also in the 
embodiment of figure 9, each roller has a first contact angle 202 when the rollers are in first 
20 position 228 and each roller has a second contact angle 203 when the rollers are in second 

position 230. As shown in figure 9, first contact angle 202 is different from second contact angle 
203, and the first deflection is different from the second deflection. 
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In a preferred embodiment, first cam surface 446 of the cam 448 has a continually 
changing slope and/or a continually changing radius of curvature so that the contact angle of the 
cam 448 changes as the rollers and cam 448 move relative to on another. The slope and/or the 
radius of curvature of first cam surface 446 may be selected to produce various desirable force 
5 profiles including a constant force. 

Figure 10 is a somewhat diagrammatic front view showing a first spring assembly 534 
and a second spring assembly 554. First spring assembly 534 of figure 10 includes a first spring 
536 having a proximal end fixed to a mounting block 540. A proximal end of a second spring 
556 of second spring assembly 554 is also fixed to mounting block 540. A first axle 538 is 
10 coupled to first spring 536 proximate the distal end thereof. Similarly, a second axle 584 is 
coupled to second spring 556 proximate its distal end. 

In figure 10, a first shoe 542 and a first roller 544 are disposed about first axle 538. In a 
preferred embodiment, first shoe 542 and first roller 544 are free to pivot about first axle 538. A 
second shoe 576 is disposed about second axle 584. In the embodiment of figure 10 3 each shoe 
1 5 comprises a collar 236 defining a hole 232 dimensioned to receive a resilient sleeve 234. In the 
embodiment of figure 10, the resilient sleeve 234 of first shoe 542 is shown having a resting 
shape in which hole 232 of collar 236 and first axle 538 are substantially coaxially aligned with 
one another. Similarly, the resilient sleeve 234 of second shoe 576 is shown having a resting 
shape in which hole 232 of collar 236 and second axle 584 are substantially coaxially aligned 
20 with one another, 

In figure 1 0 it may be appreciated that a distal portion 240 of first shoe 542 extends 
beyond an outer perimeter 242 of first roller 544. In some advantageous embodiments of the 
present invention, a distal surface 244 of first shoe 542 is disposed a distance 246 beyond outer 
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perimeter 242 of first roller 544 when resilient sleeve 234 assumes a resting shape as shown in 
figure 10. Also in some advantageous embodiments of the present invention, resilient sleeve 234 
is sufficiently deformable to allow first shoe 542 to assume a retracted position in which distal 
surface 244 of distal portion 240 of first shoe 542 is generally aligned with outer perimeter 242 
5 of first roller 544. In some embodiments of the present invention, resilient sleeve 234 is 

sufficiently deformable so that distal surface 244 of first shoe 542 and outer perimeter 242 of 
first roller 544 can be brought into contact with a single surface. In these embodiments, resilient 
sleeve 234 is preferably reversibly deformable so that resilient sleeve 234 is capable of biasing 
first shoe 542 against the single surface while first roller 544 is contacting the single surface. 

10 Distance 246 shown in figure 10 may be described as a deformation distance. This 

deformation distance is the distance which resilient sleeve 234 will deform when first shoe 542 
assumes a retracted position in which distal surface 244 of distal portion 240 of first shoe 542 is 
generally aligned with outer perimeter 242 of first roller 544. 

In some useful embodiments of the present invention, first shoe 542 and first roller 544 

1 5 are dimensioned to provide a desired deformation distance 246. In some useful embodiments of 
the present invention, deformation distance 246 is selected as a function of a desired magnitude 
of a bias force to be provided by resilient sleeve 234. For example, distance 246 and the material 
forming resilient sleeve 234 may be selected so that resilient sleeve 234 provides a desired bias 
force when collar 236 is moved between a first position and a second position. The first position 

20 and the second position being separated by distance 246. In some embodiments of the present 
invention, the bias force is selected so that sliding contact between distal surface 244 of first shoe 
542 and another surface provides a desired friction force. 
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In some useful embodiments of the present invention, resilient sleeve 234 comprises a 
reversibly deformable material. For example, resilient sleeve 234 may comprise an elastomeric 
material. The term elastomeric generally refers to a rubberlike material (e.g., a material which 
can experience about a 5% deformation and return to the undeformed configuration). Examples 
5 of elastomeric materials include rubber (e.g., natural rubber, silicone rubber, nitrile rubber, 
polysulfide rubber, etc.), thermoplastic elastomer (TPE), butyl, polyurethane, and neoprene. 

Figure 1 1 is a somewhat diagrammatic elevation view of a stand 500 including first 
spring assembly 534 and second spring assembly 554 shown in the previous figure. In the 
embodiment of figure 1 1 a first distal surface 244 of first shoe 542 is shown contacting a first 
10 cam surface 546 of a cam 548 at a first sliding contact point 252. Also in the embodiment of 
figure 1 1, a second distal surface 245 of a second shoe 576 is shown contacting a second cam 
surface 582 of cam 548 at a second sliding contact point 254. 

In figure 1 1, resilient sleeve 234 of first shoe 542 is shown having a deformed shape in 
which first axle 538 is out of co-axial alignment with hole 232 defined by collar 236 of first shoe 
1 5 542. In the embodiment of figure 1 1, resilient sleeve 234 has deformed to an extent that allows 
outer perimeter 242 of first roller 544 to contact first cam surface 546 at a first rolling contact 
point 588 while first distal surface 244 of first shoe 542 is contacting first cam surface 546 at 
first sliding contact point 252. 

In the embodiment of figure 1 1, first rolling contact point 588 and first sliding contact 
20 point 252 are generally aligned with one another. More particularly, in figure 11, first rolling 
contact point 588 and first sliding contact point 252 define a line which is generally 
perpendicular to the surface of the sheet of paper on which figure 1 1 appears. 
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In the embodiment of figure 1 1 , first shoe 542 is biased against first cam surface 546 by a 
first bias force 258. In figure 11, first bias force 258 is illustrated using an arrow. In some 
embodiments of the present invention, first bias force 258 is provided by resilient sleeve 234. A 
desired magnitude of first bias force 258 may be provided, for example, by deforming resilient 
sleeve 234 by a pre-selected deformation distance. In one advantageous aspect of the present 
invention, the deformation distance and a material characteristic of the resilient member are 
selected to provide a pre-determined bias force. In some cases, the predetermined bias force is 
selected to provide a desired friction force. 

Figure 12 is an enlarged diagrammatic elevation view illustrating a portion of stand 500 
shown in the previous figure. A first friction force arrow 264 and a second friction force arrow 
268 are visible in figure 12. First friction force arrow 264 represents the effect of friction at an 
interface 266 between first distal surface 244 of first shoe 542 and first cam surface 546 of cam 
548. Second friction force arrow 268 represents the effect of friction an interface 266 between 
second distal surface 245 of second shoe 576 and second cam surface 582 of cam 548. 

A balancing force 200 and a first load 598 are also illustrated in figure 12 using arrows. 
First load 598 may comprise, for example, the weight of cam 548 and the weight of a load (e.g., 
an electronic display) coupled to cam 548. Balancing force 200 may comprise a force produced 
by a spring mechanism of stand 500. In the embodiment of figure 12, for example, first roller 
544 and second roller 580 cooperate with cam 548 to produce balancing force 200. 

In figure 12, first roller 544 is shown contacting a first cam surface 546 of cam 548 at a 
first rolling contact point 588 and a second roller 580 contacts second cam surface 582 at a 
second rolling contact point 594. In some embodiments of the present invention, the rollers act 
upon cam 548 to produce a balancing force 200 that is generally equal and opposite to a first load 
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598. When this is the case, the rollers and the cam tend to remain stationary relative to one 
another unless another force intervenes. 

Balancing force 200, as illustrated with an arrow in figure 12, has a magnitude and 
direction that is generally equal and opposite to first load 598. With reference to figure 12, it 
5 will be appreciated that the combination of balancing force 200, the first friction force and the 
second friction force may be capable of supporting a second load that is different from first load 
598. 

In some exemplary embodiments of the present invention, for example, first load 598 
may comprise the weight of a first electronic display and the second load may comprise the 

1 0 weight of a second electronic display that is heavier or lighter than the first display. The weight 
of the first electronic display and the weight of the second electronic display may be different 
from one another, for example, due to manufacturing tolerances. When this is the case, a 
magnitude of the first friction force and the second friction force may be pre-selected to be 
similar to an expected maximum variation in the weight of the display due to manufacturing 

1 5 tolerances. 

By way of a second example, the weight of the first electronic display and the weight of 
the second electronic display may be different from one another because they comprise different 
models of electronic display. When this is the case, a magnitude of the friction force may be pre- 
selected to be similar to an expected maximum variation between the weight of a first model 
20 display and the weight of a second model display. 

In the embodiment of figure 12, a repositioning force 262 is shown acting on cam 548. 
When repositioning force 262 is greater than the friction forces represented by first friction force 
airow 264 and second friction force arrow 268, repositioning force 262 will tend to move cam 
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548 to a new position relative to first axle 538 and second axle 584. In figure 12, repositioning 
force 262 is shown having a generally downward direction and first friction force arrow 264 and 
second friction force arrow 268 are shown having generally upward directions. In some 
embodiments of the present invention, the magnitude of the friction forces are selected to be 
5 small enough that the position of a monitor can changed using a single human hand. In some 
embodiments of the present invention, the magnitude of the friction forces are selected to be 
small enough that the position of the monitor can be changed using a single human finger. 

Figure 13 is a diagrammatic plan view of an assembly including a cam 548 having a first 
cam surface 546. In the embodiment of figure 13 a first distal surface 244 of a collar 236 of a 

1 0 first shoe 542 is shown contacting first cam surface 546 of cam 548 at a first sliding contact point 
252. Also in the embodiment of figure 13, a second distal surface 245 of a collar 236 of a second 
shoe 576 is shown contacting a second cam surface 582 of cam 548 at a second sliding contact 
point 254. In the embodiment of figure 13, first shoe 542 is biased against first cam surface 546 
by a first bias force 258 and second shoe 576 is biased against second cam surface 582 of cam 

1 5 548 by a second bias force 258. Each bias force 258 is illustrated using an arrow in figure 13. 

In figure 1 3, a first roller 544 is shown contacting a first cam surface 546 of cam 548 at a 
first rolling contact point 588 and a second roller 580 contacts second cam surface 582 at a 
second rolling contact point 594. In the embodiment of figure 13, first roller 544 is urged against 
first cam surface 546 of cam 548 by a first spring 536 and second roller 580 is urged against 

20 second cam surface 582 by a second spring 556. In some embodiments of the present invention, 
the rollers act upon cam 548 to produce a balancing force 200 that is generally equal and 
opposite to a first load 598. When this is the case, the rollers and the cam tend to remain 
stationary relative to one another unless an outside force intervenes. 
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Balancing force 200, as illustrated with an arrow in figure 13, has a magnitude and 
direction that is generally equal and opposite to first load 598. A first friction force arrow 264 
and a second friction force arrow 268 are also visible in figure 13. First friction force arrow 264 
represents the effect of friction at an interface 266 between first distal surface 244 of first shoe 
5 542 and first cam surface 546 of cam 548. Second friction force arrow 264 represents the effect 
of friction an interface 266 between second distal surface 245 of second shoe 576 and second 
cam surface 582 of cam 548. 

In some embodiments of the present invention, the magnitude of the friction forces 
represented by first friction force arrow 264 and second friction force 268 are selected so as to 

1 0 compensate for a predicted non-linearity in the behavior of one or more springs. In some 

embodiments of the present invention, the magnitude of the friction forces represented by first 
friction force arrow 264 and second friction force 268 are selected to be sufficiently large to 
prevent relative movement between a head and a base of a stand when a characteristic of one or 
more springs (e.g., a spring constant) varies over time. For example, the magnitude of the 

1 5 friction forces may be selected so as to be sufficiently large to prevent relative movement 
between the head and the base when a material of one or more springs creeps over time. 

In the embodiment of figure 13, a repositioning force 262 is shown acting on cam 548. 
When repositioning force 262 is greater than the friction forces represented by first friction force 
arrow 264 and second friction force arrow 268, repositioning force 262 will tend to move cam 

20 548 to a new position relative to first axle 538 and second axle 584. In figure 13, repositioning 
force 262 is shown having a generally upwardly direction and friction force arrow 264 and 
second friction force arrow 268 are shown having generally downward directions. In some 
embodiments of the present invention, the magnitude of the friction forces is small enough that 
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the position of a monitor can changed using a single human hand. In some embodiments of the 
present invention, the magnitude of the friction force is small enough that the position of the 
monitor can be changed using a single human finger. 

Figure 14 is an exploded view of an axle assembly 272 in accordance with an exemplary 
5 embodiment of the present invention. The assembly of figure 14 includes an axle 238 and a 
collar 236. In figure 14 it may be appreciated that collar 236 defines a hole 232 that is 
dimensioned to receive a resilient sleeve 234. In the embodiment of figure 14, collar 236 and 
resilient sleeve 234 are disposed between two of rollers 274. 

Figure 1 5 is a perspective view of an assembly including axle assembly 272 shown in the 
1 0 previous figure. The assembly of figure 15 includes an axle 238 that is coupled to a spring 172 
by a bracket 174. A plurality of rollers 274 are disposed about axle 238. In the embodiment of 
figure 15, a shoe 176 is interposed between the rollers 274. In the embodiment of figure 15, shoe 
1 76 comprises a collar 236 having a distal surface 244. In figure 15 it may be appreciated that a 
portion 276 of collar 236 extends beyond a periphery 278 of each roller 274. 
1 5 Figure 1 6 is an additional perspective view of the assembly shown in the previous figure. 

In the embodiment of figure 16, a distal surface 244 of distal portion 240 of shoe 176 is generally 
aligned with an outer perimeter 242 of each roller 274. 

Figure 1 7 is a perspective view of a stand 1 100 in accordance with an additional 
exemplary embodiment of the present invention. Stand 1 100 comprises a head 1 102 that is 
20 slidingly coupled to a base 1 104 by a first slide 1 120 and a second slide 1 122. In the 

embodiment of figure 17, head 1102 is connected to a first inner rail 1124 of first slide 1120 and 
a second inner rail 1 126 of second slide 1 122. A first outer rail 1 128 of first slide 1 120 and a 
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second outer rail 1 130 of second slide 1 122 are connected to base 1 104 by a mounting block 
1140. 

Stand 1 100 of figure 1 7 includes a spring mechanism 1 132 that is coupled between base 
1 104 and head 1 102 for providing a balancing force. In the embodiment of figure 17, spring 
5 mechanism 1 1 32 comprises a constant force spring 1 1 72 that is disposed about a mandrel 1282. 
In the embodiment of figure 17, mandrel 1282 is rotatably supported by a bracket 1 174. With 
reference to figure 1 7, it may be appreciated that bracket 1 174 is disposed about and fixed to first 
outer rail 1 128 and second outer rail 1130. In figure 17, a distal portion 1240 of constant force 
spring 1 1 72 is shown fixed to first inner rail 1 124 by a fastener 1284. 

10 Figure 18 is a front view of a stand 2100 in accordance with an additional exemplary 

embodiment of the present invention. Stand 2100 comprises a head 2102 that is connected to a 
first inner rail 2124 of a first slide 2120 and a second inner rail 2126 of a second slide 2122. 
First slide 2120 and second slide 2122 also comprise a first outer rail 2128 and a second outer 
rail 2130 respectively. In the embodiment of figure 18, first outer rail 2128 and second outer rail 

15 2 1 30 are connected to a base 2 1 04 of stand 2 1 00. In some useful embodiments of the present 
invention, first slide 2120 and second slide 2122 slidingly couple head 2102 to base 2104. 

A spring mechanism 2132 of stand 2100 may advantageously provide a balancing force 
between base 2104 and head 2102. In the embodiment of figure 18, spring mechanism 2132 
comprises a constant force spring 2172 that is disposed about a mandrel 2282. In the 

20 embodiment of figure 18, mandrel 2282 is rotatably supported by a shaft 2286 that is fixed to a 
bracket 2 1 74. With reference to figure 1 8, it may be appreciated that bracket 21 74 is fixed to 
first outer rail 2128 and second outer rail 2130 by a plurality of fasteners 2288. In figure 18, a 
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distal portion 2240 of constant force spring 21 72 is fixed to first inner rail 2124 by a fastener 
2284. 

Figure 19 is a top view of a stand 3100 in accordance with an additional exemplary 
embodiment of the present invention. Stand 3100 of figure 19 comprises a first slide 3120 
5 including a first inner rail 3124 and a first outer rail 3128. With reference to figure 19, it may be 
appreciated that a plurality of balls 3290 are disposed between first inner rail 3 124 and a first 
outer rail 3128. Stand 3100 also comprises a second slide 3122 including a second inner rail 
3126, a second outer rail 3130 and a plurality of balls 3290 disposed therebetween. 

In figure 19, a bracket 3174 is shown disposed about first slide 3120 and second slide 
10 3122. Bracket 3174 is fixed to first outer rail 3128 of first slide 3120 by a fastener 3284. A 

second fastener 3284 is shown fixing second outer rail 3130 to bracket 3 174. In the embodiment 
of figure 19, a shaft 3286 is fixed to bracket 3174 by a plurality of fasteners 3166. In the 
embodiment of figure 19, shaft 3286 rotatably supports a mandrel 3282 of a spring mechanism 
3132. In the embodiment of figure 19, spring mechanism 3132 also comprises a constant force 
1 5 spring 3 1 72. A distal portion 3240 of constant force spring 3 172 is shown fixed to first inner rail 
3 1 24 in figure 1 9. Spring mechanism 3132 may advantageously provide a balancing force 
between first inner rail 3124 and first outer rail 3128 in the embodiment of figure 19. 

With reference to figure 19, it will be appreciated that an outside surface 3223 of first 
outer rail 2128 and an outside surface 3223 of second outer rail 3130 define a first reference 
20 plane PA and a second reference plane PB. In the embodiment of figure 19, spring mechanism 
3 1 32 is disposed between first reference plane PA and second reference plane PB. Also in the 
embodiment of figure 19, spring mechanism 3132 is disposed within a projection PR defined by 
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outside surface 3223 of first outer rail 2128. In figure 19, projection PR extends between first 
reference plane PA and second reference plane PB. 

Figure 20 is a front view of a stand 4100 in accordance with an additional exemplary 
embodiment of the present invention. Stand 4100 comprises a head 4102 that is slidingly 
5 coupled to a base 4104. Head 4102 and base 4104 are both connected to a first slide 4120 and a 
second slide 4122 in the embodiment of figure 20. A spring mechanism 4132 is coupled 
between a first inner rail 4124 of first slide 4120 and a first outer rail 4128 of first slide 4120 so 
that spring mechanism 4132 provides a balancing force between base 4104 and head 4102. 
[n the embodiment of figure 20, spring mechanism 4132 comprises a constant force 

1 0 spring 41 72 that is disposed about a mandrel 4282. In the embodiment of figure 20, mandrel 
4282 is supported by a shaft 4286 that is fixed to a bracket 41 74. With reference to figure 20, it 
may be appreciated that bracket 4174 is fixed to first outer rail 4128 and second outer rail 4130 
by a plurality of fasteners 4288. In figure 20, a distal portion 4240 of constant force spring 41 72 
is fixed to first inner rail 4124 by a fastener 4284. 

15 Stand 4100 of figure 20 also includes a shoe 4176 that is supported by a pin 4296. Pin 

4296 is fixed to bracket 41 74 in the embodiment of figure 20. With reference to figure 20, it 
may be appreciated that shoe 4176 contacts an outer surface 4298 of constant force spring 4172. 
In the embodiment of figure 20, first shoe 4142 comprise a collar 4236 defining a hole 4232 
which receives a resilient sleeve 4234. In the embodiment of figure 20, resilient sleeve 4234 has 

20 a resting shape in which hole 4232 of collar 4236 and pin 4296 are substantially coaxially 

aligned with one another. In figure 20, however, resilient sleeve 4234 is shown having a shape 
in which resilient sleeve 4234 is deformed. When resilient sleeve 4234 assumes a deformed 
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shape, resilient sleeve 4234 may act to bias collar 4236 against outer surface 4298 of constant 
force spring 41 72. 

A bias force 4258 is illustrated using an arrow in figure 20. In the embodiment of figure 
20, shoe 41 76 is biased against outer surface 4298 of constant force spring 41 72 by bias force 
5 4258. As described above, bias force 4258 may be provided by resilient sleeve 4234 in some 
embodiments of the present invention. A desired magnitude of bias force 4258 may be provided, 
for example, by deforming resilient sleeve 4234 by a pre-selected deformation distance. In one 
advantageous aspect of the present invention, the deformation distance and a material 
characteristic of resilient sleeve 4234 are selected to provide a pre-determined bias force. In 

1 0 some cases, the predetermined bias force is selected to provide a desired friction force. 

[n some cases, bias force 4258 is selected so as to provide a friction force having a 
desired magnitude at an interface 4266 between shoe 4176 and outer surface 4298 of constant 
force spring 41 72. For example, the magnitude of the friction force at interface 4266 may be 
selected so as to compensate for a predicted non-linearity in the behavior of constant force spring 

1 5 41 72. In some embodiments of the present invention, the magnitude of the friction force at 

interface 4266 may be selected to be sufficiently large to prevent relative movement between the 
head and the base when a characteristic of constant force spring 4172 (e.g., a spring constant) 
varies over time. 

In the embodiment of figure 20, head 4102 is connected to both first inner rail 4124 of 
20 first slide 4120 and second inner rail 4126 of second slide 4122. Also in the embodiment of 
figure 20, first outer rail 4128 and second outer rail 4130 are connected to a base 4104 of stand 
4100. This arrangement allows first slide 4120 and second slide 4122 to slidingly couple head 
4102 to base 4104. In the embodiment of figure 20, the head and the base are free of any 



25 



mechanical interlocking preventing motion parallel to an axis of the slides so that the head and 
the base may be moved relative to one another by applying a single repositioning force which 
overcomes the friction force at interface 4266. 

In some embodiments of the present invention, the magnitude of the friction force is 
5 small enough that the position of head 4102 can be changed using a single human hand. In some 
embodiments of the present invention, the magnitude of the friction force is small enough that 
the position of head 4102 can be changed using a single human finger. 

Figure 21 is a front side view showing a stand 5100 in accordance with an exemplary 
embodiment of the present invention. Stand 5100 comprises a head 5102 and a base 5104. Head 
10 5102 is slidingly coupled to base 5104 by a first slide 5120. A spring mechanism 5132 produces 
a balancing force between head 5102 and base 5104. In the embodiment of figure 21, spring 
mechanism 5132 comprises a constant force spring 5172 and a shoe 5300. In figure 21, it may 
be appreciated that shoe 5300 is connected to a first inner rail 5124 of first slide 5120. A distal 
end 5302 of constant force spring 51 72 is fixed to bracket 51 74 which is connected to first outer 
15 rail 5 128. With reference to figure 21, it may be appreciated that a plurality of balls 5290 are 
disposed between first inner rail 5124 and first outer rail 5128. 

Shoe 5300 comprises a first arm 5304 and a second arm 5306. First arm 5304 and second 
ami 5306 contact an outer surface 5298 of constant force spring 5172 at a first tangent point 
5308 and a second tangent point 5320. In figure 21, a first normal force 5322 is shown being 
20 applied to outer surface 5298 of spring 5172 at first tangent point 5308. A second normal force 
5324 is shown acting on outer surface 5298 of constant force spring 5172 at second point 5326 in 
figure 2 1 . 
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An included angle AA defined by first arm 5304 and second aim 5306 is shown in figure 
21 . In some embodiments of the present invention, the magnitude of included angle AA is pre- 
selected to provide a desired magnitude of friction force between shoe 5300 and outer surface 
5298 of constant force spring 5172. 

5 Figure 22 is a perspective view of a stand 6100 in accordance with an additional 

exemplary embodiment of the present invention. Stand 6100 comprises a head 6102 that is 
slidingly coupled to a base 6104 by a first slide 6120 and a second slide 6122. In the 
embodiment of figure 22, head 6102 is connected to a first inner rail 6124 of first slide 6120 and 
a second inner rail 6126 of second slide 6122. A first outer rail 6128 of first slide 6120 and a 

10 second outer rail 6130 of second slide 6122 are connected to base 6104 by a mounting block 
6140. 

Stand 6100 of figure 22 includes a spring mechanism 6132 that is coupled between base 
6104 and head 6102 for providing a balancing force. In the embodiment of figure 22, spring 
mechanism 6132 comprises a constant force spring 6172 having a distal portion 6240 that is 

15 connected to first outer rail 6128 by a bracket 6174. In Figure 22, distal portion 6240 of 
constant force spring 6172 is shown fixed to bracket 6174 by a fastener 6284. Spring 
mechanism 6132 also includes a shoe 6300 including a first arm 6304. 

Figure 23 is a top view of a stand 7100 in accordance with an additional exemplary 
embodiment of the present invention. Stand 7100 of figure 23 comprises a first slide 7120 

20 including a first inner rail 7124 and a first outer rail 7128. With reference to figure 23, it may be 
appreciated that a plurality of balls 7290 are disposed between first inner rail 7124 and first outer 
rail 7128. Stand 7100 also comprises a second slide 7122 including a second inner rail 7126, a 
second outer rail 7130 and a plurality of balls 7290 disposed therebetween. 
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With continuing reference to figure 23, it will be appreciated that a shoe 7300 of a spring 
mechanism 7132 is fixed to first inner rail 7124 and second inner rail 7126 by a plurality of 
spacers 7332 and fasteners 7166. Spring mechanism 7132 also includes a constant force spring 
71 72 having a distal portion 7240 that is fixed to a bracket 7174 by a fastener 7284. In figure 23, 
5 bracket 71 74 is shown disposed about first slide 7120 and second slide 7122 Bracket 7174 is 
fixed to first outer rail 7128 of first slide 7120 by a fastener 7284. A second fastener 7284 is 
shown fixing second outer rail 7130 to bracket 7174. 

Figure 24 is a perspective view of a stand 8100 in accordance with an additional 
exemplary embodiment of the present invention. Stand 8100 comprises a first slide 8120 and a 
10 second slide 8122. A first outer rail 8128 of first slide 8120 and a second outer rail 8130 of 
second slide 8 1 22 are connected to a base 8104. Stand 8100 of figure 24 includes a spring 
mechanism 8132 that is coupled between first outer rail 8128 of first slide 8120 and a first inner 
rail 81 24 of first slide 81 20 for providing a balancing force therebetween. 

In the embodiment of figure 24, spring mechanism 8132 comprises a shoe 8300 and a 
1 5 constant force spring that is not visible in figure 24. Stand 8100 of figure 24 also includes a 

friction pad 8010 that is fixed to shoe 8300 using a plurality fasteners 8166. In figure 24, friction 
pad 8010 is shown contacting first outer rail 8128 of first slide 8120 and second outer rail 8130 
of second slide 8122. 

Figure 25 is an enlarged perspective view showing a portion of stand 8100 from the 
20 previous figure. In the embodiment of figure 25, friction pad 8010 comprises a first strip 8012 
and a second strip 8014. In the embodiment of figure 25, second strip 8014 is capable of biasing 
first strip 8012 against first outer rail 8128 of first slide 8120 and second outer rail 8130 of 
second slide 8122. In some cases for example, second strip 8014 may be urged to assume a 
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deflected position when friction pad 8010 is fixed to shoe 8300. When this is the case, second 
strip 8014 may urge first strip 8012 against first outer rail 8128 of first slide 8120 and second 
outer rail 8130 of second slide 8122 because it is biased to return to a relaxed shape. In certain 
useful embodiments of the present invention, first strip 8012 comprises ultra high molecular 
weight polyethylene (UHMWPE) and second strip 8014 comprises spring steel. 

Figure 26 is an additional perspective view of stand 8100 shown in the previous figure. 
In the embodiment of figure 26, stand 8100 has assumed a generally retracted shape. In some 
advantageous embodiments of the present invention, friction pad 8010 provides a friction force 
resisting relative movement between shoe 8300 and first outer rail 8128 of first slide 8120. Also 
in some advantageous embodiments of the present invention, friction pad 8010 provides a 
friction force resisting relative movement between shoe 8300 and second outer rail 8130 of 
second slide 8122. 

In some particularly useful embodiments of the present invention, the spring 
characteristics of second strip 8014 of friction pad 8010 are selected so as to provide a desired 
magnitude of friction. Additionally, in some particularly useful embodiments of the present 
invention, a deflected shape of friction pad 8010 is selected so as to provide a desired magnitude 
of friction. In some embodiments of the present invention, the magnitude of the friction is 
selected so as to compensate for a predicted non-linearity in the behavior of one or more springs 
of the spring mechanism. In some embodiments of the present invention, the magnitude of the 
friction is selected to be sufficiently large to prevent relative movement between the first inner 
rail and the first outer rail when a characteristic of the constant force spring (e.g., a spring 
constant) varies over time. 
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Numerous characteristics and advantages of the invention covered by this document have 
been set forth in the foregoing description. It will be understood, however, that this disclosure is, 
in many respects, only illustrative. Changes may be made in details, particularly in matters of 
shape, size and ordering of steps without exceeding the scope of the invention. The invention's 
scope is, of course, defined in the language in which the appended claims are expressed. 
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